Critical care service is expensive and the demand for such service is increasing in many developed countries. This study aimed to assess the changes in characteristics of critically ill patients and their effect on long-term outcome. This cohort study utilised linked data between the intensive care unit database and state-wide morbidity and mortality databases. Logistic and Cox regression was used to examine hospital survival and five-year survival of 22,298 intensive care unit patients, respectively. There was a significant increase in age, severity of illness and Charlson Comorbidity Index of the patients over a 16-year study period. Although hospital mortality and median length of intensive care unit and hospital stay remained unchanged, one-and five-year survival had significantly improved with time, after adjusting for age, gender, severity of illness, organ failure, comorbidity, 'new' cancer and diagnostic group. Stratified analyses showed that the improvement in five-year survival was particularly strong among patients admitted after cardiac surgery (P=0.001). In conclusion, although critical care service is increasingly being provided to patients with a higher severity of acute and chronic illnesses, long-term survival outcome has improved with time suggesting that critical care service may still be cost-effectiveness despite the changes in case-mix.
Critical service is expensive and increasingly being provided to patients who are older and with a higher acuity of acute illness [1] [2] [3] [4] . The changes in characteristics of the patients have potential effect on outcomes of the patients and critical service as a whole, because many older patients also have more comorbidities and with less physiological reserve to allow recovery from their critical illness 5, 6 .
Data on changes in survival outcome of critically ill patients over time are conflicting: studies showing improvement 2, 4, 7 and deterioration 8 in hospital mortality have both been reported. Although evidence suggests that hospital mortality for patients treated in intensive care units (ICU) in Australia and New Zealand has improved with time 1 , whether this improvement in hospital mortality continues after hospital discharge remains uncertain. Furthermore, evidence suggests that comorbidity has a profound effect on long-term survival of hospitalised patients 9 . Previous studies on outcomes of critically ill patients are limited in their adjustment for comorbidity and as such, residual confounding could have affected the results of previous studies.
We hypothesised that the characteristics of critically ill patients have changed significantly with time and survival outcomes may have improved with advances in critical care services. We aimed to evaluate the temporal changes in characteristics of critically ill patients in a tertiary ICU in Western Australia and assess whether there was an improvement in hospital mortality and long-term survival after hospital discharge.
MATERIAlS AND METHoDS

Setting and participants
The ICU cohort has been described in detail in our previous publications when determinants of longterm survival of critically ill patients were evaluated 9, 10 . The 22-bed adult tertiary general ICU was a 'closed ICU' with all admission and discharge decisions managed by a team of full-time intensivists during the study period.
The ICU clinical data, collected prospectively by the duty intensivists between 1987 and 2002, were linked to the Western Australian (WA) Hospital Morbidity Data System, which contains data for all public and private hospital separations and the WA Death Register 11 , which contains records of all deaths in the State. All patients were assumed to be alive at 31 December 2003 if there was no record of their death. The loss to follow-up was likely to be low because of low emigration rate of WA 12 and deaths out of the state have been shown to be less than 2% 12 .
In this study, only patients admitted to the ICU for the first time in the hospital morbidity database were included. This first ICU admission was defined as the index admission. Patients who were younger than 16 years or non-residents of WA were excluded. A small number of patients (n=45) whose data did not achieve complete linkage were also excluded. This study was approved by the Institutional Ethics Committees.
Outcomes and predictors of interest
The primary outcomes were: 1) hospital mortality; 2) proportion of the patients who survived to hospital discharge, who were still alive at one year; and 3) proportion of the patients who were alive at one year who were still alive at five years. The ICU and hospital length of stay were the total of number of calendar days from date of admission until day of discharge, inclusive of both days.
The secondary outcomes and predictors assessed included age, gender, admission diagnoses, severity of acute illness, organ failure and comorbidity 10, 13 . The patient's primary ICU admission diagnosis was classified according to the International Classification of Diseases (ICD-9-CM) and was grouped as one of nine mutually exclusive categories: cardiac surgery, trauma, sepsis, cardiac arrest, non-traumatic brain condition (surgical and non-surgical), vascular conditions (surgical and non-surgical), drug overdose/ poisoning, other (non-vascular, non-neurological, non-cardiac) surgery and other medical conditions 10 . The type of ICU admission was classified as elective surgical, non-elective surgical or medical emergencies. Severity of illness was estimated using the acute physiology score component of the Acute Physiology and Chronic Health Evaluation II score 14 . The maximum number of organ failures that occurred on any single ICU day was defined as the 'peak number of organ failures'. The definitions used for the organ failures have been published elsewhere 10 . Comorbidity prior to hospitalisation for the index admission was estimated using the Charlson Comorbidity Index 15 , a weighted index that takes into account the number and severity of 17 preexisting diseases to produce a comorbidity score for each patient. It has been adapted for use with administrative data 16 . Patients with no prior hospital admissions were coded as having a comorbidity score of zero. 'New cancer' was defined as malignant conditions that were diagnosed during the hospitalisation in which the first ICU admission occurred, identified from the Hospital Morbidity Data System and excluded patients with cancer comorbidities included in the Charlson Comorbidity Index.
Statistical analysis
Patient characteristics were presented as means and standard deviation (SD) and compared using Student's t-tests for normally distributed data and non-parametric tests for non-normally distributed data. The year of index admission was categorised into four eras (1987 to 1990, 1991 to 1994, 1995 to 1998, 1999 to 2002) . logistic regression with Cox proportional hazards regression was used to assess the effect of year era of admission on hospital mortality and one-and five-year survival respectively, after adjusting for age, gender, severity of illness, organ failure, comorbidity, 'new cancer' and diagnostic group. Proportional hazards assumption of the continuous predictors and also the non-linear relationship between survival and the continuous predictors have been assessed in our previous studies 17, 18 . Survival data were censored on 31 December 2003.
Stratified analyses of patients admitted after cardiac surgery and patients admitted with other conditions were performed because patients admitted after cardiac surgery were more homogeneous and survival for these patients could be very different from other diagnostic groups 8, 9, 19, 20 . Continuous variables that did not meet the linearity assumption were entered into models with their significant squared terms to allow non-linear association modelled. Data were analysed using SPSS, v17.0 (SPSS; Chicago, Il, USA). Two-sided comparisons with 95% confidence intervals (CI) were used and P values less than 0.05 were considered statistically significant.
RESUlTS
A total of 22,980 critically ill patients over a 16-year study period were considered. There was a significant change in admission diagnosis, age, severity of acute illness and comorbidity of the patients during the study period. The number of admissions for patients undergoing cardiac surgery decreased from 732 in 1987 to 284 in 2002. In contrast, there was an increase in admissions due to other indications ( Figure 1) . overall, the total number of admissions per year decreased from 1604 in 1987 to 1241 in 2002 ( Figure 1 ). The most notable were an increase in non-traumatic brain conditions from 1.4% in 1987 to 15.1% in 2002, a three-fold increase in sepsis (4.3% in 1987 to 13.6% in 2002) and a two-fold increase in trauma (7.5% in 1987 to 14.8% in 2002) and other surgery (3.7% in 1987 to 8.5% in 2002). The proportion of patients who had 'new cancer' increased four-fold over the study period from 1.1% of patients in 1987 to 4.8% in 2002 (P <0.001 for trend). There was a concomitant decrease in admissions for other medical conditions, from 18.6% in 1987 to 8.4% in 2002.
The mean age for patients admitted for conditions other than cardiac surgery has been steady over time, but there has been an increase has been the proportion of patients in the youngest and oldest age groups, with a concomitant decrease in the other groups. While the proportion of patients aged '75+' years increased from 8.5% in 1987 to 11.1% in 2002 for those admitted to ICU with conditions other than cardiac surgery, there was a four-fold increase in the proportion of older patients admitted after cardiac surgery, 5.4% in 1987 to 24.3% in 2002 (P <0.001 for trend).
There was a significant increase in severity of acute illness (mean acute physical score 7. (Figure 2 ). Despite a significant increase in age, comorbidity, and severity of acute illness of the critically ill patients, there was no significant increase in length of stay in ICU (Figure 3 ).
There was a steady increase in unadjusted hospital mortality (from 9.3% in 1987 to 14.4% in 2002) and five-year mortality (22.6% in 1987 to 30.6% in 1998) with time. After adjustment for potential confounders, era of admission was, however, not an independent predictor of risk for in-hospital death (P=0.317, Hosmer and lemeshow Test P <0.001 and Nagelkerke R 2 0.408), consistent across both cardiac surgical patients and other diagnoses (P=0.226 and P=0.155, respectively). Table 1 shows hospital mortality by diagnostic group and shows similar (but non-significant) results for the majority of diagnostic groups.
Considering patients who survived to hospital discharge and to one year respectively, one-year (P=0.006) and five-year (P <0.001) survival had increased over time, after adjustment for other predictors of long-term survival ( Table 1 ). In the stratified analyses, the improvement in one-and five-year survival was most evident in patients with sepsis and cardiac surgery, respectively.
DISCUSSIoN
our study confirmed some of the findings of previous studies, that there was an increase in age, comorbidity and severity of acute illness of the patients in our ICU. Despite these changes, length of stay in ICU and adjusted hospital mortality remained unchanged and long-term survival after discharge had improved.
Critical care service is expensive and the demand for such service is increasing across many developed countries. our results have a few clinical implications. First, the age, comorbidity and severity of illness of critically ill patients admitted to the ICU are likely to continue to increase if the observed trend persists. Second, our data showed that the adjusted hospital mortality remained stable and longterm survival of our patients had improved despite an increase in complexity of the case-mix of the patients. The improvement in long-term survival of sepsis and cardiac surgery were particularly evident from our data. This was most likely due to an improvement in technological advances and efficiency of both critical care and overall healthcare services. For example, the use of angiotensinconverting-enzyme inhibitors and beta-blockers in patients with heart failure has significantly improved their long-term survival. An improvement in the survival of the general population of Western Australia may also play a role, although this is unlikely to account for the magnitude of changes we observed in this study. Without knowing the mechanisms of the improvement in long-term outcomes of critically ill patients, whether we can 
TAble 1 Effect of era of admission on adjusted (a) hospital mortality and (b) one-year survival (for patients who survive to hospital discharge) and (c) five-year survival (for patients who survived one-year), for the entire cohort, patients admitted to ICU after cardiac surgery and patients
admitted to ICU with other conditions. All odds ratios or hazard ratios were referenced to the admission era 1987 to 1990. continue to improve the long-term outcomes of critically ill patients in Australia remains uncertain. It is well known that healthcare cost increases faster than average inflation index. our data did provide some assurance, albeit limited, that the increasing health cost of critical care was, at least in part, due to changes in case-mix of the patients and was associated with an improvement in long-term survival. Third, although our data showed that hospital mortality remained unchanged after adjusting for other predictors and the overall length of stay in hospital also remained stable, we also noted that there was an increase in crude overall hospital mortality (9 vs 14%) and also hospital length of stay of the non-survivors in the more recent admission era. These results suggested that critical care and hospital services faced an increasing pressure from the increased complexity of the critically ill patients. Although critical care service has been regarded as largely cost-effective 21 , the incremental costeffectiveness ratio of providing critical care services to patients with advanced age, severe comorbidity and acute illness remains uncertain and needs to be thoroughly evaluated. This study has some limitations. First, this is a single-centre study and factors specific to this ICU may not be generalisable to other ICUs. Second, while quality of life is clearly important, the linked database contains no direct measurement of quality of life in patients discharged from hospital. The lack of specific health and functional status before and after the ICU admission restricts an in-depth examination of the changes in these outcomes over time. Third, although we had comprehensive data on the patient's characteristics and severity of illness, we have not been able to adjust for some specific changes in critical care systems in this study. Advances in medications and technology, improvements in ICU medical and nursing staff level and overall healthcare services might have affected our patients' outcomes. Without these specific data, the mechanism behind the improvement in long-term survival of our patients remains uncertain. Furthermore, whether this improvement was cost-effective also remains uncertain. A prospective multi-centre costeffectiveness cohort study is needed in view of the increasing demand of such service and the increasing complexity of critically ill patients.
In conclusion, older patients with more comorbidity and severity of acute illness were increasing in our ICU. Although their long-term survival had improved after adjusting for the increased complexity of disease, the overall unadjusted hospital and five-year survival were both decreasing. The trend we observed suggested that the demand for critical care service will increase among those with comorbidity and high acuity acute illness. This information may be important in the planning of critical care services for our ageing population in Australia.
admitted to ICU with other conditions. All odds ratios or hazard ratios were referenced to the admission era 1987-1990 (continued ICU=intensive care unit, oR=odds ratio, CI=confidence interval. *P value is the overall P value for comparisons of all era groups.
